Locating planets in Habitable Zones (HZs) around other stars is a growing field in contemporary astronomy. Since a large percentage of all G-M stars in the solar neighborhood are expected to be part of binary or multiple stellar systems, investigations of whether habitable planets are likely to be discovered in such environments are of prime interest to the scientific community. As current exoplanet statistics predicts that the chances are higher to find new worlds in systems that are already known to have planets, we examine four known extrasolar planetary systems in tight binaries in order to determine their capacity to host additional habitable terrestrial planets. Those systems are Gliese 86, γ Cephei, HD 41004 and HD 196885. In the case of γ Cephei, our results suggest that only the M dwarf companion could host additional potentially habitable worlds. Neither could we identify stable, potentially habitable regions around HD 196885 A. HD 196885 B can be considered a slightly more promising target in the search for Earth-twins. Gliese 86 A turned out to be a very good candidate, assuming that the system's history has not been excessively violent. For HD 41004 we have identified admissible stable orbits for habitable planets, but those strongly depend on the parameters of the system. A more detailed investigation shows that for some initial conditions stable planetary motion is possible in the HZ of HD 41004 A. In spite of the massive companion HD41004 Bb we found that HD41004 B, too, could host additional habitable worlds.
INTRODUCTION
The past decade has seen a staggering growth in number and diversity of known extrasolar planets. The discovery of planetary companions in and around binary stars systems is certainly a highlight in this respect (e.g. Latham et al. 1989; Thorsett et al. 1993; Doyle et al. 2011; Welsh et al. 2012; Kostov et al. 2014; Howard et al. 2014) . We now know of more than 60 multiple star systems that harbor one or more extrasolar planets (Schneider et al. 2011; Rein 2014) .
1 Some of those systems, e.g. KIC 9632895 and Gliese 667 (Welsh et al. 2014; Anglada-Escudé et al. 2012 ) are even hosting planets in their respective Habitable Zones (HZ), i.e. the regions where liquid water can exist on the surface of an Earthlike planet (e.g. Kasting et al. 1993; Kaltenegger & Sasselov 2011; Kopparapu et al. 2014 ). There are also works, which showed that planet formation is possible in binary systems, even if the two stars have a quite small separation (e.g. Haghighipour & Raymond (2007) , Rafikov (2013) ). It is interesting to note that nearly one third of the currently known exoplanets in S-type 2 configurations ⋆ E-mail: funk@astro.univie.ac.at; 1 http://www.openexoplanetcatalogue.com/, http://www.exoplanet.eu/ 2 In this configuration the planet moves in an orbit around one of the stars.
are part of multi-star multi-planet systems, i.e. of systems where more than one planet is orbiting the same star (see e.g. Rein (2014) or the Binary Catalogue of Exoplanets 3 ). Current statistics of the Kepler candidates exoplanet population furthermore suggest that about 46% of all planets discovered so far reside in multiplanet systems (Burke et al. 2014) . Despite the fact that the planetary multiplicity fraction in multiple-star systems is not well constrained (Thorp et al. 2014; Ginski et al. 2014; Armstrong et al. 2014) , the high ratio of multiplanet systems in Kepler data may foster hopes to discover new planet candidates in multiple star associations that are already known to host a giant planet. Such additional planets would have to be small or far out from their host star on long periodic orbits, otherwise they would have been detected by now (Eggl et al. 2013) . In this study we investigate whether it is possible for binary star systems with a known gas giant (GG) to host additional terrestrial planets in their respective HZs, since the latter are attractive observational targets. In particular we selected the following four binary systems with separation of approximately 20 au, since the strongest gravitational perturbations can be expected in such systems.
• γ Cephei: The γ Cephei binary system consists of a K1 III-IV star and a dwarf companion of spectral type M4. Neuhäuser et al. (2007) determined the orbital parameters of the binary system (as shown in Table 1 ). Collecting RV measurements spanning many years Endl et al. (2011) updated the orbital parameters and Reffert & Quirrenbach (2011) used Hipparcos data to search for the astrometric signature of planets and brown dwarfs. For the system γ Cephei the signature of the substellar companion was strong enough to give reasonable constraints on inclination, ascending node and mass. They claim that γ Cephei b is most likely a brown dwarf.
• Gliese 86: Queloz et al. (2000) discovered a 4 M Jup planet around the K1 V star Gliese 86. One year later Els et al. (2001) announced a substellar companion with a mass of approximately 50 M Jup in a distance of 18.75 au. Later Mugrauer & Neuhäuser (2005) confirmed that the secondary is a White Dwarf (WD) and not a brown dwarf. With the help of new observations using the Hubble Space Telescope Farihi et al. (2013) could proof that Gliese 86 B is a WD and could give modified data for the system.
• HD 196885: The system HD 196885 consists of an F8 V star with 1.3 M S un , a M1 V companion and a planet orbiting the primary (see e.g. Chauvin et al. (2006) , Chauvin et al. (2007) , Correia et al. (2008) or Fischer et al. (2009) ). Chauvin et al. (2011) considered astrometric data as well as all data from past RV surveys (CORAVEL, ELODIE, CORALIE and Lick, over more than 26 years) to constrain the physical and orbital properties of the HD 196885 system and could find a unique best solution, which is summarized in Table 1 . Furthermore Chauvin et al. (2011) investigated the stability of the system and showed that the system is more stable in a high mutual inclination configuration.
• HD 41004: The system HD 41004 comprises a K1 V primary (HD 41004 A) and an M2 V secondary (HD 41004 B) at a distance of 20 au. Santos et al. (2002) discovered a brown dwarf orbiting HD 41004 B and later Zucker et al. (2004) found a GG around HD 41004 A.
In the following we investigate, whether dynamical stability allows for an additional terrestrial planet in the HZs of the four considered systems.
THE HABITABLE ZONES
The definition of the HZ is a highly interdisciplinary topic. Important parameters are not only the mass and atmosphere of the potentially habitable planet (Kopparapu et al. 2014 ), but also properties of the host star like activity and radiation (e.g. (Lammer et al. 2009) ) and last but not least the dynamical stability of all involved bodies play a significant role. The evolution of orbital parameters can also be a determining factor. Large variations in a planet's orbital eccentricity, for instance, might change the conditions for habitability (e.g. (Williams & Pollard 2002) ). Considerations of dynamical stability are of special interest for multiple star planet systems due to potentially large gravitational perturbations of the planet's orbit (Jaime et al. 2014) . Eggl et al. (2012) investigated the influence of stellar companions with different spectral types on the insolation a terrestrial planet receives orbiting a Sun-like primary. They used a time-independent analytical estimate to calculate the borders of the HZ and found out that there is a strong dependence of permanent habitability on the binary's eccentricity. With four bodies in a system, special attention has to be given to the assessment of habitability. The following section contains a brief discussion on the related issues.
Calculating the borders of the HZs
In this section we will shortly summarize how to determine the HZ for the four investigated binary star systems. Several approaches can be found in literature how to calculate the borders of the circumstellar HZ in binary star systems (see e.g. Cuntz (2014) , Kaltenegger & Haghighipour (2013) ). We choose the method presented in Eggl et al. (2012) , because it combines the radiative and the dynamical effects. Eggl et al. (2012) investigated different binary-planet configurations and examined the implications of stellar companions with different spectral types on the insolation a terrestrial planet receives orbiting a Sun-like primary. The timeindependent analytical estimates that were presented in Eggl et al. (2012) are based on three types of HZs:
• Permanently Habitable Zone (PHZ): The PHZ is the region where a planet always stays within the insolation limits of the corresponding HZ.
• Extended Habitable Zone (EHZ): In contrast to the PHZ parts of the planetary orbit lie outside the HZ. Yet, the binary planet configuration is still considered to be habitable when most of its orbit remains inside the HZ boundaries.
• Averaged Habitable Zone (AHZ): Following the argument by Williams & Pollard (2002) , this category encompasses all configurations which allow for the planet's time-averaged effective insolation to be within the limits of the HZ. Eggl et al. (2012) found that the AHZ is almost independent of the binary's eccentricity and coincides well with the HZ defined by Kasting et al. (1993) , while the PHZ and EHZ shrink drastically with higher binary eccentricities. The gravitational influence of the second star injects eccentricity into the planet's orbit, which in turn leads to considerable changes in planetary insolation due to closer encounters with the host-star. The HZs of γ Cephei, HD 41004, HD 196885 and Gliese 86 were determined using the analytical method presented in Eggl et al. (2012) with updated effective insolation values (Kopparapu et al. 2014) . The results are shown in Figures 1.
Blue regions denote the extent of the PHZ, green regions correspond to EHZs and yellow represents AHZs. Red regions are not habitable, but dynamically stable, while the shaded regions are dynamically unstable. The black lines corresponds to the classical HZ where the second star is completely neglected. The initial conditions for the binaries are summarized in Table 1 . Due to the large orbital periods of S-type binary stars, the eccentricity of the binary systems is often poorly constrained. Hence, results for three different eccentricity values of the binary's orbit (e Bin = 0.2, 0.4 and 0.6) are provided. The borders of the PHZ, EHZ and AHZ are summarized in Table 2. For all four systems one can see that the PHZ shrinks with higher eccentricities. A comparison of our work with that of Kaltenegger & Haghighipour (2013) can be done for the system HD 196885, which was investigated in both studies. Kaltenegger & Haghighipour (2013) au; HZ B : 0.260 au -0.491 au. Comparing our results, we find that the PHZ lies within the borders of Kaltenegger & Haghighipour (2013) , which is due to the consideration of the perturbing influence of the secondary. The EHZ allows eccentric planetary orbits, that may leave the HZ for a short time, which leads to quite similar results as in Kaltenegger & Haghighipour (2013) . Please note that the analytical method used to determine the presented HZ borders assumes that the luminosity of the stars does not evolve significantly. For stars on the main sequence this is true for billions of years. For post main sequence stars, the timescale on which those estimates remain valid depends on the speed at which the stellar luminosity evolves. Furthermore, the analytic solutions are based on eccentricity estimates that do not consider the known GG. They merely serve as initial guidelines to determine search spaces for additional, potentially habitable terrestrial planets. If the GG influences the eccentricity evolution of additional planets significantly, a separate assessment of their habitability is required, see section 6.2. 
Stability of the HZs
In order to ensure the dynamical stability of an additional terrestrial planet in the HZ of the four investigated systems we studied the dynamical evolution of test-planets within the borders of the previous calculated region of the HZ (see Table 2 ) for each system. As a model we used the elliptic restricted four-body problem, consisting of the two stars, the known GG and mass-less TP's, which is a good approximation for terrestrial planets. In the case of HD 41004 the masses of component B and of the nearby brown dwarf were added and put to there common barycenter, since test computations showed that the brown dwarf has no perturbing influence on the region of the HZ (see section 6.3). In all cases, the motion of the planets and the binary star were treated self consistently in the framework of Newtonian mechanics. All the celestial bodies involved were regarded as point masses. Test computations have shown that a time of 10 6 years is sufficient to capture the most relevant dynamical effects. For all integrations we used the Lie-Series Integration Method (Hanslmeier & Dvorak (1984) , Lichtenegger (1984) , Eggl & Dvorak (2010) ) which is also capable of dealing with large eccentricities and close encounters between bodies. To analyze the data we used the maximum eccentricity (ME) that the test planets (TP) orbit reached during the integration time. If the TP's orbit becomes parabolic or hyperbolic (ME 1) with respect to it's central star the orbit is considered to be unstable. A further advantage of using ME for the investigations of TP's in the HZ is that information on the extent of the PHZ becomes directly available. The orbital parameters of the investigated four systems are summarized in Table 1 . The mass-less TP's were started equally distributed (∆a = 0.01 au) within the borders of the HZ. All other orbital elements of the test planets (e, i, ω, Ω and M) were initially set to zero.
γ CEPHEI
The γ Cephei system has already been investigated in detail concerning the dynamical stability in its circumprimary HZ (see e.g. Dvorak et al. (2003) or Haghighipour (2006) ). However, the contribution of the secondary to the extent of the HZ was completely neglected in those studies. The numerical study by Dvorak et al. (2003) examined the area between 0.5 and 1.85 au concerning stability. The stability maps showed a stable region between 0.5 and 1.2 au and a chaotic area for lager semi-major axes of the testplanet. Within the stable zone an arched chaotic band was found which results from the combined perturbation of the giant planet and the secondary star (see e.g. Pilat-Lohinger (2005) ). The authors studied also the area around 1 au in detail using several masses (up to 90 Earth masses) for the small planet moving in this area. Even if they talked about habitability when discussing the results it is well known that the studied region does not correspond to the HZ of γ Cephei. This was also criticized in the study by Haghighipour (2006) where the area between 0.3 and 4 au was studied concerning long-term stability and habitability. Taking into account the stellar type Haghighipour defined the HZ as the area between 3.05 and 3.6 au for which he could not get long-term stable planetary orbits. Updates for the HZ around γ Cephei A show that the habitable limits are shifted beyond the orbital stability limits of the current system (e Bin = 0.4112). Only stable orbits in the HZ around the secondary are possible. As no planet is known to orbit γ Cephei B the HZ borders given in Table 1 can serve as an observational guideline provided one assumes that stable circulation patterns have formed on the additional terrestrial planet (Wang et al. 2014 ) and tidal heating remains negligible.
HD 196885
For the system HD 196885 our results provide constraints on the possible eccentricity of the binary. Since we know a GG at 2.6 au the given eccentricity of the binary (e = 0.42) is quite close to the system's stability limit. Comparing Tables 1 and 2 one can see that the known planet in the systems HD 196885 and HD 41004 orbits close to or even inside the HZ. For HD 196885 the GG is located in the middle of the HZ. Given its high eccentricity of e = 0.48 it will cause dynamical instability for any planet in this region. Test computations showed that even if the known planet had no eccentricity (e = 0) no additional stable orbits would be possible. Similar to γ Cephei, the only possibility for HD 196885 to host additional potentially habitable planets is to have them orbit the M-dwarf companion.
GLIESE 86
A detailed dynamical study on Gliese 86 has already been performed by Pilat-Lohinger & Funk (2006) . They found that the GG does not dynamically influence the region of the HZ. Since the orbital parameters of Gliese 86 as well as the method of determining the HZ have changed we shall check their results for robustness. To this end, we compared the analytically obtained HZ (without GG, Figure 1 ) with numerical integrations of the whole system (including the GG). Since the binary star's orbit is not well constrained, we integrated this system for different eccentricities. Figure 3 shows the results for e = 0.0, 0.7 and 0.8. The x-axis the semi-major axis, covering the best-case HZ (e Bin = 0, see Table 2 ). The y-axis gives the maximum eccentricity value. It turns out that for binary eccentricities up to e = 0.7 the TP's maximum eccentricity reaches values up to 0.2 only. Thus we can conclude that stable habitable planets are possible in the Gliese 86 system even if the binary star's orbit is highly elliptic. Only for binary eccentricities higher than e = 0.7 the secondary's influence on the test planets in the region of the HZ becomes critical. Comparing these results with the analytically obtained HZ borders (see Table 2 and Figure 1) one can see that similar results can be obtained for the test planets eccentricity, which means that the known GG has no significant influence on additional planets in the HZ. Therefore, the analytically derived borders of the HZ remain valid even for the whole system of Gliese 86.
Nevertheless, we are faced with two problems when talking about habitable planets in Gliese 86. The first issue is related to the fact that Gliese 86 B is a WD. This suggests a cataclysmic phase in the evolution of the Gliese 86 system with strong variations in stellar insolation and mass loss. Whether an Earth-like planet could retain any sort of habitability during such events or can be captured afterward is discussed in e.g. Agol (2011) , Barnes & Heller (2013) , Veras & Gänsicke (2014) . The second issue is the small distance of the known GG to its host star. This could imply that migration processes occurred either during the system's formation, or during the cataclysmic phase. If the GG formed beyond the Gliese 86 A's snowline and migrated inward, it had to cross the HZ. This would have destabilized any possible terrestrial planet in the circumprimary HZ.
However, two scenarios are thinkable that would still allow for the existence of potentially habitable worlds around Gliese 86 A: a) the planet was built after the migration of the GG (e.g. Raymond et al. 2006) , or b) the planet formed outside of the GG, was trapped in a mean motion resonance and migrated inward together with the GG. Such a scenario would allow for a large primordial water content of the rocky planet.
While it is clear that Gliese86 B has gone through a cataclysmic phase, it is intriguing to note that a circumstellar habitable planet around the B component seems possible. Although a WD, Gliese 86 B does have a circumstellar region that would allow for liquid water on an Earth-like planet's surface. This region is very small and very close to the star, as can be seen from Figure 2 . However, tidal forces do not yet outweigh the self gravity of Earth-like planets at this distance, since the fraction of accelerations due to the planet's self gravity a S G and tides a T acting on a particle at the top of the atmosphere 100km above the Earth's surface (Kármán line) is still much larger than unity:
for an Earthlike planet orbiting Gliese86 (B) in the HZ. Here, m p and R p denote the planet's mass and radius to the top of the atmosphere, respectively. Furthermore, m ⋆ is the stellar mass and r the planet's orbital distance from the host star. Hence, if an Earth-like planet had survived the cataclysmic event, or if it had formed later on, it could retain its atmosphere. If it orbits in the HZ it could be potentially habitable -from the point of view of insolation. A tidally locked rotation state and non negligible tidal heating would be likely in such environments. Such factors require a more detailed analysis that lies beyond the scope of this article.
HD 41004

Dynamical Study
HD41004 is a very interesting system, because the known giant planet's orbit is close enough to the HZ to significantly influence additional potentially habitable planets. First investigations concerning the stability in the region of the HZ of HD41004A were done by Pilat-Lohinger (2005) showing mean motion and secular perturbations due to the interactions of the discovered GG and the secondary star. The study shows different dynamical maps for various semi-major axes of the gas planet where the appearance of mean motion and secular perturbations strongly depend on the position of the GG. In some cases these perturbations interfere with the HZ. Due to uncertainties and changes in the orbital parameters new computations of this planetary system were performed (see Pilat-Lohinger & Funk (2010) ) for the different planetary configurations. This study revealed the possible maximum eccentricity of the binary stars for the different orbital parameters given by the observations.
Even if preliminary calculations of additional hypothetical terrestrial planets in this binary system suggested a zero probability for other planets in the HZ due to stability issues slight variations in the nominal eccentricity and semi-major axis change this picture completely (see Pilat-Lohinger et al. (2012)).
The nominal eccentricity of the (GG) is e = 0.39 ± 0.17 the planet's orbit is rather badly constrained. The same holds for the binary star's orbit. Therefore, we investigated whether any combination of permissible eccentricities of the system could yield stable zones in the HZ. Fixing the remaining orbital parameters of HD 41004 as given in Table 1 , we studied this system with decreased eccentricities of both the secondary (e Bin = 0.2) and the GG (e GG = 0.2). For all integrations we started mass-less test planets in a region between 0.2 and 1.3 au, which covers most of the circumprimary HZ of HD 41004, see Table 2 . Since the region of the HZ is unstable when using the published orbital parameters of HD41004 we continued the computations for smaller semi-major axes in order to find the border of stability. We stopped our integrations at 1.3 au due to the presence of a GG at 1.64 au. The results are summarized in Figure 4 , where on the x-axis the semi-major axis of the test planets is shown and on the y-axis their inclination with respect to the binaries plane, which could also be an important factor. As one can see in the top panel of Figure 4 , upper graph no stable motion is possible in the region of the HZ for the given orbital parameters. When the secondary's eccentricity is decreased (e Bin = 0.2, Figure  4 , middle graph) the border of stable motion shifts just slightly outwards, but here one can also see the influence of the secondary, caused by a secular resonance between a ≈ 0.25 and 0.5 au. This secular resonance becomes much better visible in Figure 4 , lower graph and is investigated in detail by Pilat-Lohinger et al. (2014) . In Figure 4 , lower graph one can see clearly that the dominant influence on the HZ comes from the GG, since the stable region is shifted significantly outwards for a lower eccentricity of the GG (e GG = 0.2). Nevertheless the region of the HZ is still -apart from a few orbits just on the inner edge -mainly unstable. Thus, we investigated the influence of changes in the semi-major axis of the known GG. Since the region of the HZ turned out to be most stable at the inner edge of the HZ we fixed in a first step the semi-major axis of the test planet at 0.8 au and varied the semimajor axis of the GG between 1.5 and 5 au. The integrations were done for 5 × 10 6 years for e Bin = 0.2 and 0.4 and for e GG = 0.2 and 0.4. This test integrations showed, that long term stable motion in the HZ is just possible if e Bin = e GG = 0.2. For higher eccentricities no stable motion of the test planets could be found -if the GG's semi-major axis is low it perturbs the test planet and when the semi-major axis of the GG becomes higher it is perturbed itself by the secondary, which again leads to perturbations on the test planet. For the best case scenario (e Bin = e GG = 0.2) we constructed a grid of initial conditions, where on the x-axis the semi-major axis of the test planets and on the y-axis the semi-major axis of the GG are shown. The results are displayed in Figure 5 , where the white line indicates the current position of HD 41004 b. Here some stable regions can be seen also for the given semi-major axis of HD 41004 A b. A detailed investigation of the dynamical stability in the system HD 41004 can be found in Pilat-Lohinger et al. (2014) , but here we will concentrate on habitability considerations.
The HZ of HD 41004 A
Following the results of the previous section, we aim to ascertain that the stable regions in Figure 5 also fulfill the criteria for habitability. In section 2.1 we defined the three body HZ including the influence of the secondary but neglecting the GG. Hence, we have to take the influence of the GG into account now. Eggl et al. (2012) already showed that the PHZ of a specific planet in a binary system is a function of the pericenter and apocenter distances from the primary star. In hierarchical systems, those are mostly determined by the planet's eccentricity evolution. In our case the eccentricity of the test planet does not only change because of the influence of the secondary, but also due to the perturbations of the GG. Using the output of the dynamical investigations we define the region of PHZ via the maximum eccentricity values. Results are presented in Figure 6 , which shows graphs similar to Figure 5 . From Figure 6 it becomes clear that stable configurations for a GG's semi-major axis of 1.64 au are not in the PHZ. Nevertheless, we could find some stable, habitable configurations, e.g. when the GG is at 2 au with an eccentricity of 0.2. Finally, we investigated the influence of the binaries mutual distance. To this end, we fixed the test planets position at 1 au and varied the semi-major axis of the GG and of the secondary. The test computations were again done for different eccentricities of the GG and the secondary (e GG = 0.2 and 0.4; e Bin = 0.2 and 0.4). All other initial conditions are provided in Table 1 . The corresponding results are shown in Figure 7 , where the color code again corresponds to the potential habitability. For a GG's eccentricity of 0.2 (left graphs) stable habitable configurations are possible for a GG's distance larger than ≈ 2 au. Interesting is that the GG's distance needs to be larger for larger distances of the secondary to allow stable configurations in the PHZ (a GG ≈ 2 au for a Bin = 10 au up to a GG ≈ 3.8 au for a Bin = 40 au). This is caused by the perturbing secular frequency of the GG (g = g GG , g can be found in Pilat-Lohinger et al. (2008)), which is visible as the gray diagonal region in Figure 7 (also visible as the arc like structure in Figure 4 bottom graph). A detailed investigation of this phenomenon can be found in Pilat-Lohinger et al. (2014) . However two mean motion resonances between the GG and test planet allow stable habitable configurations also within the secular resonance of the secondary, namely the 3:1 mean motion resonance at a GG = 2.08 au and the 4:1 mean motion resonance at 2.52 au. For a GG's eccentricity of 0.4 (right graphs) stable, habitable configurations are possible for a GG's distance of more than ≈ 3.3 au. Once more, the perturbing influence of the aforementioned secular resonance becomes evident.
The HZ of HD 41004 B
HD 41004 B is itself a binary system with a GG (HD 41004 Bb) orbiting its host star at a distance of only roughly 0.02 au, see Table 1. Since the three body HZ (star star planet) for the B component encompasses the region between 0.347-0.730 au, the question arises whether HD 41004 Bb can significantly influence an Earthlike planet and change the borders of the analytically determined HZ. To answer this question, we numerically calculated the variation in orbital elements of a massive Earth-like planet on an initially circular orbit at the inner edge of the HZ of HD 41004 B. Assuming that this system is coplanar, the ME of the Earth-like planet at the inner edge of the HZ only grows up to e max ∼ 0.011, and the variations in its semimajor axis remain below 10 −3 au. Hence, we conclude that the GG HD 41004 Bb does not influence planets in the HZ significantly and the HZ borders remain accurate. This in turn means that it is not impossible to have potentially habitable planets in stable orbits around HD 41004 B.
SUMMARY AND DISCUSSION
The aim of our work was to investigate the possible existence of additional terrestrial planets in the Habitable Zones of four known close binary systems known to host giant planets. The selected systems were γ Cephei, Gliese 86, HD 41004, and HD 196885 . In a first step we calculated three body HZs for all systems excluding the influence of the known GG. Our investigation of circumprimary HZs showed that in two of the systems (HD 41004 and HD 196885) the GG are situated within or near the three body HZs, while in the third system (Gliese 86) the distance between the circumprimary HZ and the GG is large enough that the influence of the latter becomes negligible. The current orbital configuration of the γ Cephei system does not allow for stable planetary motion in the circumprimary HZ. Numerical investigations for the system Gliese 86 showed that planets in the Habitable Zone are not so much affected by the known GG. The effect of the orbital eccentricity of the secondary star is more important, but only if e Bin > 0.7. Regarding the systems HD 41004 and HD 196885 we could show that the system HD 196885 does not allow any stable orbit in its HZ, even not if the eccentricities of the GG and the binary would be smaller. The situation is better for the system HD 41004. Although, first integrations showed also that no stable orbits are possible in the region of the HZ, here small changes (within the given error bars) in eccentricity and semi-major axis of the GG and the binary could lead to at least some small stable regions in the HZ. Therefore we can conclude, that HD 41004 although not very good, is still the best candidate for stable motion in its HZ among the four known close binary systems hosting a extrasolar planet. In all cases, HZs around the less massive component of the double star seem to be capable of hosting dynamically stable terrestrial planets. The test-planet was always at 1.0 au; all other initial conditions were set to the values given in Table 1 . The color code shows the habitability, where blue corresponds to the PHZ, red to regions, which are dynamically stable but not in the PHZ and gray to dynamically unstable regions. See online version for color figures.
